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I. INTRODUCTION
The contamination of arsenic in groundwater is a worldwide problem in Thailand, North America, India and some European countries because arsenic is toxic and carcinogenic [1] . Long-term uptake of arsenic contaminated water can lead to liver, lung, kidney, bladder, and skin cancer [2] . Recently, arsenic contamination in drinking water has been reported. The World Health Organization set provisional guideline for arsenic in drinking water standard at 10 ppb [3] . Common forms of arsenic in natural water were arsenite (As(III), H 3 AsO 3 , H 2 AsO 3 -and HAsO 3 2-), mainly found in reducing condition, and arsenate (As(V), H 3 AsO 4 , H 2 AsO 4 -and HAsO 4 2-), a form stable in oxidizing state [4] , [5] . Since As(III) is much more toxic and more transportable than As(V), it is necessary to oxidize As(III) to As(V) in the treatment of arsenic.
Variety of methods such as oxidation, adsorption, precipitation, co-precipitation, ion-exchange, ultra-filtration, and reverse osmosis have been used for arsenic removal. The adsorption method was effective for As(V), but not as successful in case of As(III) [6] . The oxidation process is considered one of the more promising technologies because the system is simple and cost-effective [7] . To achieve greater arsenic removal, a pretreatment for As (III) oxidation is usually employed, followed by co-precipitation/adsorption of the As (V).
Many oxidants or oxidant-generating systems have been tested for the oxidation of As (III). For example, manganese oxides [8] , O 2 and/or ozone [9] , hydrogen peroxide [10] and TiO 2 /UV systems [11] . More specifically, manganese dioxide was effective as an oxidizing agent of As(III) [12] . The oxidation potential of MnO 2 was relatively low and fit for specific oxidation of As(III). Manganese dioxide could also be used as adsorbent for removal arsenic, but its adsorption capacity was low thus limiting its application [13] .
Previous studies developed a catalytic process for the oxidation of arsenite using manganese oxide octahedral molecular sieve (K-OMS2). , and Mn 4+ ions in the octahedral framework. These materials are highly porous, non-toxic, environmental friendly, and had various different pore structures [15] .
The objective of this study was to investigate kinetic and thermodynamic of the oxidation of As(III) to As (V) by K-OMS2. We performed the experiments with various operating parameters, such as temperature and contact time of arsenite oxidation. The kinetic and thermodynamic results were used to evaluate potential of K-OMS2 as an oxidizing agent for arsenic treatment.
II. METHODOLOGY
Analytical grade (99% purity) manganese acetate tetrahydrate (Mn(CH 3 COO) 2 · 4H 2 O), potassium permanganate (KMnO4) and glacial acetic acid (CH3COOH) were obtained from ACROS Organics, CARLO ERBA and QRë C, respectively. Stock solutions were prepared from NaAsO 2 (Sigma) and Na 2 HAsO 4 7H 2 O (Sigma), Determination of individual arsenic species were conducted using Anion-exchange cartridge, A502P (Purolite).
A. K-OMS2 Synthesis
A fixed mole ratio of 0.75 KMnO 4 /Mn(CH 3 COO) 2 was selected to prepare K-OMS 2. Preparation was performed as per procedure described in previous study [16] Mn(CH 3 COO) 2 and KMnO 4 were dissolved in water separately. Then, KMnO 4 solution was added dropwise to Mn(CH 3 COO) 2 solution under vigorous mixing. Then the pH of the solution was adjusted to an acidic condition (pH ≤3.5) by glacial CH 3 COOH and transferred to an autoclave for hydrothermal process. In the final step, the obtained black slurry was washed and dried at 100°C for 4 hr and then 200°C for another 2 hr [17] .
B. K-OMS2 Characterization
The formation of K-OMS 2 and its crystallinity were determined using X-ray diffractometer (Model D8 Discover, Bruker AXS Germany) using CuK α with wavelength (λ= 1.51418 o A) at 40 mA and 40 kV with 2θ range of 10-80 degrees and increasing step of 0.02 degree. The point zero of charge (pH pzc ) was defined as pH on the charge of the adsorbent surface is zero. The pH pzc was determined according to method recommended previously [18] . A 0.1M solution of NaCl was prepared using distilled water, which was taken in different titration flasks. The pH of the solutions were adjusted to 2-11 using 0.1 M of HCl and 0.1 M of NaOH solution. 0.1 g of K-OMS 2 sample was added to 10 mL of each flask and was shaken at 150 rpm for 48 hr on a shaker bath. The final pH was measured, and plotted as a function of the initial pH of the solution. pH pzc was determined as the pH of the NaCl solution that does not change after the contact with the catalyst sample. The specific surface areas of the samples were measured by N 2 -sorption isotherm and calculated using Brunauer-Emmett-Teller (BET) method (Quantachrome, Autosorb-1).
C. Batch Experiment
The experiments were conducted by combining initial 5 mg/L arsenite with 0.5 g K-OMS2. The pH was adjusted by adding a small amount of dilute HCl or NaOH solution using a pH and ORP meter. Contact time of all experiments were in the range of 0-90 min with varied temperatures of 303-333 K. The total concentration of arsenic (As(V) and As(III)) was determined by graphite furnace atomic absorption spectroscopy (GF-AAS) (Perkin Elmer Model Analyst 800). Determination of individual arsenic species were conducted using an anion-exchange cartridge, A502P. As the arsenic-bearing water sample passed through the syringe (Syringe filter 0.45 µm), As(V) would be retained inside while As(III) was allowed to pass through, rendering the separation of As(V) and As(III) from each other. The eluent was then analyzed for As(III) concentration by GF-AAS. As(V) concentration was obtained by subtracting the measured As(III) concentration from total arsenic concentration.
D. Kinetic Models
Kinetic models have been proposed to understand the mechanism and to scale-up the efficiency of the oxidation process [19] . In order to investigate the potential rate determining step such as pseudo first order, and pseudo second order kinetic models, the experimental data were tested [20] . The linear form of pseudo first order equation is given by 1 ln( -)=ln -e t ek t
The linear form of pseudo second order model is given by 2 2 1 =+ t e e tt q k(2) where q e and q t are the amounts of As(III) oxidized by K-OMS2 at equilibrium and at various time t (mg· g -1 ); k 1 is the equilibrium rate constant of pseudo first order kinetics (min -1 ); t is the contact time (min); and k 2 is the equilibrium rate constant of the pseudo second order kinetics (g· mg -1 min -1 ) [21] .
E. Thermodynamic Parameters
The thermodynamic parameters, i.e. change in the Gibbs free energy (ΔG°), enthalpy (ΔH°), and entropy (ΔS°), are calculated to evaluate the thermodynamic feasibility and the nature of the oxidation process. ΔG° can be calculated according to the following equation:
where R is the gas constant (8.314 J· mol
); T is the temperature (K): and k d is the thermodynamic equilibrium constant of the oxidation process, reflecting arsenic distribution between the solid and liquid phases at equilibrium. Equilibrium constant (k d ) is estimated as:
According to the van't Hoff equation:
The values of ΔH° (kJ· mol −1 ) and ΔS° (J· mol −1 K −1 ) were evaluated from the slope and intercept of van't Hoff plots [22] . The X-ray diffraction patterns of K-OMS2 prepared by
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hydrothermal method are showed in Fig. 1 . All peaks can be indexed to pure cryptomelane phase (JCPDS 29-1020) [23] . In order to determine the variation of the surface charge of K-OMS2 as a function of pH, point zero of charge measurements at different pH were carried out. As shown in Fig. 2 , the point zero of charge of K-OMS2 is 5. Thus, pH greater than 5 leads to the surface possessing negative charges, while pH lower than pH 4 results in positive charge at the surface of catalyst. The specific surface area is 134.76 m 2 g -1 .
B. Kinetic of Arsenite Oxidation by K-OMS2
The kinetics of As(III) oxidation by K-OMS2 in a temperature range of 303-333 K are illustrated in Fig. 3 . It can be observed that oxidation capacity increases as contact time and temperature increase. In Fig. 4 presents the relationship between the percentage of residues of arsenic and the Oxidation Reduction Potential (ORP) compared to the time at the difference temperature. The results show that the percentage of arsenite were reduced while the percentage of arsenate and ORP values were increased. This happen as expected as K-OMS2 was an electron acceptor (oxidized). So the As(III) lost electrons and changed to As(V), resulting in increase of ORP.
To investigate the oxidation kinetics, pseudo-first-order and pseudo-second-order models were applied. Table I summarizes the calculated parameters of kinetic modeling. Based on the R 2 value, pseudo-second-order model provided a better fit compared to the pseudo-first-order model. This indicate that the oxidation kinetic follows pseudo-second-order rate mechanism. Additionally, pseudo-second-order provided the higher values of correlation coefficient, q 2 were 8.741, 9.141, and 10.08 mg· g -1 at 303, 313, and 323 K, respectively. These results suggest that the overall rate constant of the As(III) oxidation was controlled by the temperature, which is consistent with the thermodynamic study. 
IV. CONCLUSIONS
The K-OMS2 was synthesized by hydrothermal method and then was used as catalytic oxidation of arsenite in the temperatures range of 303 -333 K. The results showed that the catalytic oxidation could completely oxidize arsenite to arsenate and the oxidation rate increased as temperature increased in the range of temperature investigated (303 -333 K). The oxidation kinetic of arsenite fitted well with the pseudo-second-order kinetic model. The oxidation process occurred spontaneously (−ΔG°), in an endothermic nature (+ΔH°), and with increased randomness (+ΔS°). The overall result suggested the potential use of K-OMS2 as a catalytic for the oxidation of arsenite. Further studies on the morphology, surface elements distribution, and oxidation states of K-OMS2 should be done for a better understanding on the mechanism of the K-OMS2 catalytic in arsenite oxidation process.
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